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Abstract
Background
Tetanus is a vaccine-preventable, neglected disease that is life threatening if acquired and
occurs most frequently in regions where vaccination coverage is incomplete. Challenges in
vaccination coverage contribute to the occurrence of non-neonatal tetanus in sub-Saharan
countries, with high case fatality rates. The current WHO recommendations for the manage-
ment of tetanus include close patient monitoring, administration of immune globulin, seda-
tion, analgesia, wound hygiene and airway support [1]. In response to these
recommendations, our tertiary referral hospital in Tanzania implemented a standardized
clinical protocol for care of patients with tetanus in 2006 and a subsequent modification in
2012. In this study we aimed to assess the impact of the protocol on clinical care of tetanus
patients and their outcomes.
Methods and findings
We examined provision of care and outcomes among all patients admitted with non-neona-
tal tetanus to the ICU at Bugando Medical Centre between 2001 and 2016 in this retrospec-
tive cohort study. We compared three groups: the pre-protocol group (2001–2005), the
Early protocol group (2006–2011), and the Late protocol group (2012–2016) and deter-
mined associations with mortality by univariable logistic regression.
We observed a significant increase in provision of care as per protocol between the Early
and Late groups. Patients in the Late group had a significantly higher utilization of mechani-
cal ventilation (69.9% vs 22.0%, p< 0.0001), provision of surgical wound care (39.8% vs
20.3%, p = 0.011), and performance of tracheostomies (36.8% vs 6.7%, <0.0001) than
patients in the Early group. Despite the increased provision of care, we found no significant
decrease in overall mortality in the Early versus the Late groups (55.4% versus 40.3%, p =
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0.069), or between the pre-protocol and post-protocol groups (60.7% versus 50.0%, p =
0.28). There was also no difference in 7-day ICU mortality (30.1% versus 27.8%, p = 0.70).
Analysis of the causes of death revealed a decrease in deaths related to airway compromise
(30.0% to 1.8%, p<0.001) but an increase in deaths due to presumed sepsis (15.0% to
44.6%, p = 0.018).
Conclusion
The overall mortality in patients suffering non-neonatal tetanus is high (>40%). Institution of
a standardized tetanus management protocol, in accordance with WHO recommendations,
decreased immediate mortality related to primary causes of death after tetanus. However,
this was offset by an increase in death due to later ICU complications such as sepsis. Our
results illustrate the complexity in achieving mortality reduction even in illnesses thought to
require few critical care interventions. Improving basic ICU care and strengthening vaccina-
tion programs to prevent tetanus altogether are essential components of efforts to decrease
the mortality caused by this lethal, neglected disease.
Author summary
Tetanus is a disease characterized by violent, repetitive muscular spasms that are fre-
quently lethal. It rarely occurs in high-income countries due to a highly effective vaccine
coupled with a strong immunisation system. Tanzania is a large low-income country in
East Africa. Its size and rapidly growing population are straining factors for the immuni-
sation programme. Women typically receive tetanus booster vaccinations during antena-
tal care, while men remain at risk for tetanus as there is no additional system in place to
ensure post-infancy vaccination. In 2006, our hospital in northwest Tanzania imple-
mented a standardized management protocol for the frequent cases of tetanus that we
admit. We assessed the impact of this protocol on the care and survival of these patients,
most of whom are between the ages of 20 and 50 years. Although we observed improving
clinical care over a 16-year period, this increased care did not result in the reduction in
mortality that had been expected. Our work reflects the complexity of this neglected dis-
ease, the challenges associated with protocolised care provision in such settings, and the
importance of monitoring the effects of interventions following their implementation in
low-income countries. Given the devastating personal and economic consequences of tet-
anus for patients and their families, we also highlight the urgent need to ensure immunisa-
tion for these vulnerable men who are the economic backbone for households and the
country.
Introduction
Despite being a vaccine-preventable disease, tetanus is frequently encountered in sub-Saharan
Africa [2,3]. The incidence of non-neonatal tetanus cases has fallen since the initiation of the
vaccination programme but the number of cases remains high, with 4,604 non-neonatal cases
reported in 2016 in the African region,[4] and likely many more that were not reported [5].
Among global tetanus deaths, 44% occur in sub-Saharan Africa and the highest proportion of
these is in East Africa [6].
Protocolized care of tetanus in Tanzania
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Inadequate vaccination is cited as the primary causative factor for tetanus despite the avail-
ability of a highly effective vaccine [7,8]. In Tanzania, national tetanus vaccine coverage is 87%
in children less than 1 year, as determined by history and vaccination cards, but regional dis-
crepancies are high [9]. In Mwanza, where our hospital is located, only 70% of infants received
all basic vaccines in 2015 [10]. In addition, because the Tanzanian vaccination programme
focuses on children under the age of 1 and pregnant women who attend antenatal clinic, there
is currently no system in place to ensure booster vaccination for men past the infancy doses,
despite recommendations by the WHO [11]. This would explain why young men are the most
at risk of tetanus infection in Tanzania and many other sub-Saharan African countries [3]. A
recent study from Tanzania showed that only 28% of men older than 15 years were seropro-
tected against tetanus [12]. This has tremendous economic and social consequences: in 2015
the WHO calculated the cost of a single dose of tetanus vaccine at $0.14 [13] whereas the cost
of caring for patients with tetanus in low- and middle-income countries ranges from $78 [14]
to $900 [15]. In Tanzania, 55% of the population lives in extreme poverty (less than $1.25 per
day) and men are the main financial providers, so the socioeconomic impact is tremendous.
Lack of medications, inadequate implementation of proven treatment interventions, high
treatment cost for patients, and long distance to specialised centres have been cited as addi-
tional key reasons for high tetanus-associated mortality in sub-Saharan Africa [3,16,17]. Stud-
ies of targeted approaches to address these barriers are lacking. Therefore, our goal was to
conduct a quality-improvement project to assess whether the utilization of a standardized hos-
pital protocol for management of tetanus was effective in reducing mortality. Our study was
possible because in 2006 our Tanzanian referral hospital implemented a hospital protocol to
be used for management of all patients admitted to our ICU with tetanus, with further updates
in 2012. We sought to determine whether the implementation of this protocol had any impact
on provision of clinical care and patient outcomes. We hypothesised that protocol-driven
implementation of proven tetanus interventions would increase over the study period, and
that tetanus mortality would decrease.
Methods
Ethics statement
Ethical approval for the conduct of this study was obtained from the joint Catholic University
of Health and Allied Sciences (CUHAS)/BMC Research Ethics and Review Committee
(BREC/001/18/2008), the National Institute for Medical Research (NIMR/HQ/R.8c/Vol. IX/
1085), and Weill Cornell Medicine (1108010827).
Study setting
We conducted a retrospective cohort study of all patients who had a diagnosis of tetanus and
were admitted to the Intensive Care Unit (ICU) of Bugando Medical Centre (BMC), Tanzania,
from May 2001 to September 2016. BMC is a public tertiary referral hospital located in
Mwanza, a north-western city on the shores of Lake Victoria. Mwanza is the second largest
city in Tanzania and BMC serves the 15 million people of the Lake Zone.
The ICU admits approximately 500 patients annually from all disciplines, with specialists
from internal medicine and anaesthesia providing the majority of the ICU care. The ICU has
13 beds with 7 mechanical ventilators, pressurised wall oxygen, suction, and bedside monitors.
The monitors display non-invasive blood pressures, saturations and electrocardiography.
There is regular availability of intravenous (IV) fluids, antibiotics, adrenaline, and dopamine.
Central lines and noradrenaline are intermittently available. The nurse to patient ratio is 1:2,
with most of the nurses having no formal training in intensive care medicine.
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In view of high mortality rates and in an effort to improve the quality of care for patients,
BMC implemented a hospital protocol to optimize care of tetanus patients in 2006, in accor-
dance with WHO recommendations. The hospital protocol can be seen in the supporting
information (Supporting information (S1); Fig 1. Bugando Medical Centre tetanus manage-
ment protocol) In 2012, several additional key interventions were implemented in the ICU,
including employment of a dedicated ICU physician and an agreement with the surgical
department that tracheostomies would be performed as soon as possible for tetanus patients
admitted to the ICU.
The stepwise protocol is organised based on clinical urgency of interventions. The initial
stage focuses on airway management either in the form of oral intubation or immediate tra-
cheostomy. There was no specific criterion or threshold for initiation of mechanical ventilation
during the entire study period and this decision was made at the discretion of the on-duty phy-
sician. This is followed by emphasis on early prescription and administration of immune glob-
ulin, antibiotics, spasm control with magnesium sulphate and benzodiazepines with
accompanying analgesia, fluid management to avoid acute kidney injury and deep vein throm-
bosis prophylaxis. Wound care is also included in the early stages with surgical consultation
for wound debridement if needed. Farmers and manual workers were identified, from previ-
ous work, as the key at-risk group, and most present with identifiable wounds.
The next stage focuses on monitoring the patient’s response to interventions and conduct-
ing investigations. Instructions are provided on how to adjust prescribed medication to get the
desired outcomes. The final stage focuses on the recovery phase of care with instructions of
down-titrating the medications and ensuring immunisation prior to ICU discharge.
Study procedures
According to our hospital protocol, all patients presenting to the hospital with tetanus are
admitted directly to the ICU. We identified patients with non-neonatal tetanus using either
the ICU admission registry or the separate inpatient medical registry. Patients were diagnosed
Fig 1. Case-fatality ratio among tetanus patients by year of admission over the period of 2001–2016.
https://doi.org/10.1371/journal.pntd.0006667.g001
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based on clinical findings of rigidity and/or spasms often preceded by a penetrating injury.
Medical notes were sought from the medical records department. Detailed information on
care was only available for patients after 2008. The main sources of information were the ICU
admission notes, ward round notes and daily charts. We collected data on age, sex, place of res-
idence, time taken to present to hospital, provision of clinical care, time to care provision, and
outcomes.
Data analysis
We categorized patients into 3 groups based on the year of presentation. The pre-protocol
group included patients admitted with tetanus prior to the protocol implementation in 2006
(2001–2006). The Early group included patients admitted between 2006 and 2011, and the
Late group included patients admitted between 2012 (the year in which the hospital tetanus
protocol was modified) and 2016.
The primary study outcomes were care provision for patients, 7-day mortality in the ICU,
and overall mortality. The specific care interventions that we examined included administra-
tion of immune globulin (early in the emergency department or late in the ICU), surgical
wound care, administration of antibiotics, and airway management in the form of mechanical
ventilation and tracheostomy placement.
Statistical analysis was performed using STATA 14.0 (College Station, Texas, USA) and all
data was anonymized during the analysis. Descriptive analysis of baseline variables was per-
formed to summarize patient characteristics. Categorical variables were described using pro-
portions and continuous variables were described using medians and interquartile ranges. We
compared overall mortality between the pre- and post-protocol groups. We explored the dif-
ferences between the Early and Late groups by chi-squared test for categorical variables and
Wilcoxon rank-sum test for continuous variables. Overall and 7-day case-fatality rates were
calculated and compared between the groups. We assessed potential factors associated with
mortality by univariable and multivariable logistic regression for the Early and Late groups. All
statistical tests were performed at a 5% significance level.
Results
A total of 277 patients were admitted to the BMC ICU with tetanus between May 2001 and
September 2016. No cases of neonatal tetanus were admitted; all patients were 8 years older
and above. Thirty-one (11.2%) patients were admitted before January 2006 and were classified
in the pre-protocol group, 133(48.0%) patients were classified in the Early group, and 113
(40.8%) were classified in the Late group. Medical files were available for 162 patients (59 in
the Early group and 103 in the Late group).
When comparing the pre and post-protocol groups, both were mostly male (12/14 (85.7%)
and 211/246 (85.8%) respectively, p = 0.995), and there was no significant difference in age
(30.0 [21–42] years and 30.0 [19–46] years respectively, p = 0.86, Table 1). Overall case fatality
was similar in both the pre- and post-protocol group (17/28 (60.7%) and 119/238 (50.0%),
p = 0.28). The case-fatality rate by year of admission is presented in Fig 1.
When comparing the Early and Late groups, for whom detailed medical record data was
available, we found no differences between the two groups with respect to sex, age, or distance
travelled to reach BMC (Table 1). The groups had similar median time intervals from the
onset of symptoms to hospital presentation, though significantly more people in the Early
group presented later (3 [1–7] versus 3 [1–4] days, p = 0.042). The Early group also experi-
enced significantly more wounds to the back than the Late group. No other significant differ-
ences in clinical presentation were observed.
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Care interventions significantly differed between the two post-protocol groups (Table 2).
We observed significant increases in surgical wound care, initiation of mechanical ventilation
and performance of tracheostomies in the Late group compared to the Early group. Both
groups had similar in-hospital rates of immune globulin administration, but 57/95 (60.0%) of
patients in the Late group received early administration of immune globulin in the emergency
department compared to 9/50 (18.0%) of patients in the Early group (p<0.001). We addition-
ally observed a reduction in the time taken to initiating mechanical ventilation (2.0 [2.0–4.0]
days in the Early group versus 0.0 [0.0–2.0] in the Late group, p = 0.0030) and in performing
tracheotomies in those for whom mechanical ventilation was initiated (12.0 [8.5–18.5] days in
the Early group versus 1.0 [0.0–8.0] in the Late group, p = 0.023). All patients in the Early and
Late group received antibiotics.
Table 1. Baseline demographic characteristics for the early and late groups.
Variable Early group
2006–2011
Late group
2012–2016
p-value
n/N (%) or median (IQR) n/N (%) or median (IQR)
Demographic characteristics
Sex (Male) 110/133 (82.7%) 101/113 (89.4%) 0.13
Age at presentation
Overall 31.0 [20.0–44.0] 30.0 [18.5–52.0] 0.71
Male 30.5 [22.0–41.5] 32.0 [19.5.-54.0] 0.19
Female 47.0 [15.0–68.0] 16.0 [12.0–29.5] 0.15
Distance travelled (kilometres) 55.0 [5.9–154.9] 62.0 [5.9–154.9] 0.84
Presentation to hospital
Time from symptoms to presentation (days) 3 [1–7] 3 [1–4]
0.0420–2 days: 18 (30.5%) 0–2 days: 49 (47.6%)
3–4 days: 19 (32.2%) 3–4 days: 35 (34.0%)
5–6 days: 4 (6.8%) 5–6 days: 3 (2.9%)
7+ days: 18 (30.5%) 7+ days: 16 (15.5%)
Symptoms
Presence of fever 4/59 (6.8%) 14/103 (13.6%) 0.21
Generalized clinical presentation (versus local) 59/59 (100.0%) 98/103 (95.2%) 0.16
Location of wound
Leg 14/59 (23.7%) 32/103 (31.1%) 0.37
Foot 19/59 (32.2%) 32/103 (31.1%) 1.00
Hands 9/59 (15.3%) 13/103 (12.6%) 0.64
Chest 0/59 (0.0%) 2/103 (1.9%) 0.53
Circumcision 2/59 (3.4%) 4/103 (3.9%) 1.00
Scrotum 0/59 (0.0%) 1/103 (1.0%) 1.00
Head/face 6/59 (10.2%) 9/103 (8.7%) 0.78
Arm 3/59 (5.1%) 3/103 (2.9%) 0.67
Back 4/59 (6.8%) 0/103 (0.0%) 0.016
Axilla 0/59 (0.0%) 2/103 (1.9%) 0.53
Abortion 0/59 (0.0%) 1/103 (1.0%) 1.00
Unknown 2/59 (3.4%) 4/103 (3.9%) 1.00
p-value for the overall difference between the two groups calculated by Chi-square test or Fisher’s Exact test for
categorical variables and Wilcoxon rank-sum test for continuous variables.
https://doi.org/10.1371/journal.pntd.0006667.t001
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Contrary to our hypothesis, we did not find a significant reduction in the overall hospital
case-fatality ratios between the Early and the Late groups. In contrast, there was a trend
towards an increase in mortality from 56/126(44.4%) in the Early group to 63/112 (56.3%) in
the Late group (p = 0.069). Additionally, there was no change in 7-day case-fatality ratio (43/
126 (34.1%) versus 35/112 (31.3%), p = 0.64). The Early group had 6/20 (30.0%) deaths attrib-
uted to loss of airway, mostly due to laryngospasm, whereas in the Late group, this accounted
for only 1/56 (1.8%) death (p = 0.001). Sepsis accounted for 3/20 (15.0%) of all deaths in the
Early group and 25/56 (44.6%) in the Late group (p = 0.029) (Table 3). Of note, there were no
other clear changes between the Early and Late groups such as ICU staff: patient ratios, nurse
training, ICU admission numbers, timeliness of antibiotic administration, or decontamination
procedures.
All variables listed in Table 1 were analysed as possible predictors of overall ICU mortality
in the Early and Late groups and are presented in Table 4. In the Early group, patients with
longer time from symptom onset to presentation at the hospital had lower odds of death com-
pared to patients with shorter time to presentation (OR = 0.68 [0.52–0.90] for each day delay
in presenting for care, p = 0.007). Patients for whom mechanical ventilation was initiated had
higher odds of death compared to patients not receiving mechanical ventilation (OR = 4.53
[1.24–16.58], p = 0.022). The increased odds of death may in part have been related to develop-
ment of sepsis, though numbers were too small to draw conclusions. In the Late group, 25 out
of 72 (34.7%) patients who were mechanically ventilated developed sepsis, compared with 3
out of 13 (23.1%) in the Early group (p = 0.53).
Table 2. Care interventions done as per protocol for the early (2006–2011) and the late group (2012–2016).
Variable Early group 2006–
2011
Late group 2012–
2016
p-value
n/N (%) or median
(SD)
n/N (%) or
median (SD)
Care interventions
Received immune globulin (IG) 50/59 (84.7%) 95/102 (93.1%) 0.086
Timing of IG administration <0.001
Emergency room (Early) 9/50 (18.0%) 57/95 (60.0%)
ICU (Late) 41/50 (82.0%) 38/95 (40.0%)
Received surgical intervention 12/59 (20.3%) 41/100 (41.0%) 0.008
Type of surgical intervention 1.00
Debridement 12/12 (100.0%) 40/41 (97.6%)
Amputation 0/12 (0.0%) 1/41 (2.4%)
Received mechanical ventilation 13/59 (22.0%) 72/103 (69.9%) <0.001
Received tracheostomy 4/59 (6.8%) 38/97 (39.2%) <0.001
Timing of interventions (in days)
Time to surgical intervention 1.5 [1.0–3.0] 2.0 [1.0–3.0] 0.96
Time to mechanical ventilation 2.0 [2.0–4.0] 0.0 [0.0–2.0] 0.0030
Time from initiation of mechanical ventilation to
tracheostomy
12.0 [8.5–18.5] 1.0 [0.0–8.0] 0.023
Length of stay in the ICU 9.0 [2.5–22.0] 12.0 [5.0–22.0] 0.12
Length of stay at BMC 22.0 [6.0–31.0] 14.0 [6.0–31.0] 0.38
Only patients with charts available for review were included in this analysis.
p-value for the overall difference between the two groups calculated by Chi-squared or Fisher’s Exact test for
categorical variables and Wilcoxon rank-sum test for continuous variables.
https://doi.org/10.1371/journal.pntd.0006667.t002
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In the Late group, older patients as well as patients with longer time from presentation to ini-
tiation of mechanical ventilation had higher odds of death (OR = 1.05 [1.02–1.07] for each
increasing year of age, p<0.001 and OR = 1.63 [1.06–2.52] for each day delay in receiving
mechanical ventilation, p = 0.028 respectively). Multivariable analysis showed that the factors
associated with mortality in the Early group were age (OR = 1.04 [95% CI 1.00–1.08], P = 0.03),
mechanical ventilation (OR = 26.7 [95% CI 2.06–274.07], p = 0.006) and time from symptom
onset to attending care (OR = 0.50 [95% CI 0.32–0.81), p = 0.006). In the Late group, the factors
that remained significantly associated with mortality were age (OR = 1.03[95% CI 1.00–1.06],
p = 0.01) and time from presentation to initiation of mechanical ventilation (OR = 1.74[95% CI
1.07–2.81], p = .024).
Table 3. Overall ICU mortality, 7-day mortality and causes of death in the early and the late groups.
Early group
2008–2011
Late group
2012–2016
p-value
n/N(%) n/N(%)
Overall ICU mortality 56/126 (44.4%) 63/112 (56.3%) 0.069
7 day ICU mortality 43/126 (34.1%) 35/112(31.3%) 0.64
Cause of death
Sepsis 3/20 (15.0%) 25/56 (44.6%) 0.029
Airway obstruction 6/20 (30.0%) 1/56 (1.8%) 0.001
Respiratory failure 6/20 (30.0%) 11/56 (19.6%) 0.36
Autonomic failure 5/20 (25.0%) 14/56 (25.0%) 1.00
p-value for the overall difference between the two groups calculated by Chi-square test or Fisher’s exact test as
appropriate.
https://doi.org/10.1371/journal.pntd.0006667.t003
Table 4. Results of univariable analysis of predictors of overall mortality in the early and late groups.
Variable Early Group
Odds ratio
[95%CI]
P-value Late Group
Odds ratio [95%CI]
P-value
Demographic Information
Sex (male) 0.49 [0.19–1.24] 0.13 1.93 [0.57–6.51] 0.29
Age (years) 1.02 [0.997–1.037] 0.10 1.05 [1.02–1.07] <0.001
Distance travelled to BMC (Kilometres) 0.99 [0.99–1.00] 0.16 1.00 [0.99–1.00] 0.94
Care Interventions
Administration of Immune globulin 0.34 [0.08–1.46] 0.15 0.46 [0.09–2.51] 0.37
Late administration of Immune Globulin (compared to early) 1.63 [0.30–8.93] 0.58 2.29 [0.98–5.36] 0.055
Surgical intervention 0.59 [0.14–2.47] 0.47 0.61 [0.27–1.36] 0.23
Mechanical Ventilation 4.53 [1.24–16.58] 0.022 1.41 [0.61–3.28] 0.43
Tracheotomy 0.63 [0.061–6.49] 0.70 0.91[0.40–2.07] 0.82
Timing of interventions (odds ratio for each increasing day)
Time from symptom onset to attending care 0.68 [0.52–0.90] 0.007 0.99 [0.91–1.07] 0.80
Time from presentation to surgical intervention 1.04 [0.91–1.20] 0.55 0.94 [0.79–1.11] 0.45
Time from presentation to initiation of mechanical ventilation 0.71 [0.40–1.26] 0.24 1.63 [1.06–2.52] 0.028
Time from presentation to tracheotomy — — 0.95 [0.88–1.04] 0.27
—Only one data point for timing of tracheotomy for a patient who died.
https://doi.org/10.1371/journal.pntd.0006667.t004
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Discussion
Our work demonstrates that the use of a standardized protocol was associated with a signifi-
cant improvement in the implementation of specific interventions that have been shown to
reduce mortality from tetanus. However, this led to an increase in invasive procedures, and
therefore the anticipated reduction in overall mortality over a 10-year period was not seen.
While the deaths due to respiratory failure and airway obstruction decreased, those due to sep-
sis increased. This ultimately led to longer ICU stays over the 10-year period without improv-
ing mortality. To our knowledge, this is the first study from sub-Saharan Africa to look at the
impact of protocolised ICU care for tetanus patients. Our findings suggest the urgent need for
additional work to optimize ICU care to help offset the mortality from secondary causes which
arise due to gains from improvement in immediate survival. Furthermore, data from our
study shows mortality from tetanus remains high and that efforts to improve adult immuniza-
tion to prevent this neglected disease should be prioritized.
Most previous studies have highlighted poor provision of clinical care as a key contributory
factor to observed high mortalities. In the Late period of our protocol implementation, patients
experienced higher levels of clinical care as compared to other studies. Rates of mechanical
ventilation (69.9% in our study vs 10.5% in other studies) [16,17], administration of immune
globulin (93.1% vs 9–65%) [17,18], surgical wound care (41.0% vs 11.8%) [18], administration
of antibiotics (100% vs 58%) [17], and tracheotomies (39.2% vs 11%) [16] were all higher in
the Late period of our study compared to rates reported in other studies. A structured
approach via a standardized protocol was likely a key contributory factor to the increase in the
clinical care. In spite of the protocol, the mortality rates we have reported in both time periods
of our study are very similar to rates reported in other studies from similar settings.
There is mixed evidence for the effectiveness of protocol standardization for medical care
both globally [19,20] and also in low- and middle-income countries [21,22]. Nonetheless, pro-
tocolised care is still common, especially in environments where specialised care is not readily
available and where providers’ levels of training and expertise may be variable. Despite highly
significant increases in clinical care provision with earlier administration of immune globulin,
an increase in surgical wound care, and an increase in mechanical ventilation and tracheosto-
mies, our results showed no improvement in mortality. In fact, we even observed a non-signif-
icant trend towards increased mortality in the Late years of implementation of the protocol
compared to the Early years (56.3% versus 44.4%, p = 0.069). The similarity in demographics
between the two groups reinforces the hypothesis that the differences in mortality may be due
to the protocol itself.
Implementation of the hospital protocol for tetanus management appears to have led to a
shift in the causes of death among tetanus patients. In the Early years after protocol implemen-
tation, airway obstruction and respiratory failure were the most frequent causes of death, con-
sistent with findings from other studies [3,16]. In contrast, sepsis was the most likely cause of
death in the Late group, increasing from 15% at baseline to 45% in the Late group. It is likely
that increased rates of mechanical ventilation and performance of tracheostomies contributed
to a decline in the number of airway/respiratory deaths but that this overall increase in inter-
ventions led to an increase in the number of deaths by sepsis, for at least three reasons. First,
the Late group underwent more invasive procedures including mechanical ventilation, surgical
tracheostomies and surgical wound treatment, each of which increases the risk of hospital-
acquired infections (HAIs). Second, our clinical experience suggests that patients in the Late
group also more frequently had central venous catheters inserted, which poses an additional
risk factor for HAIs. Third, patients in the Late group spent more days in the ICU, often
immobilized and at increased risk for other causes of in-hospital mortality such as pulmonary
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embolism, urosepsis and bedsores. Of note, at present there is no specific aspect of the protocol
that focuses on reducing HAIs or other critical illness-associated morbidity.
There are approximately 27 studies involving more than 25,000 patients with tetanus over a
60-year period issued from the African continent [3]. Most of the reported studies have been
done at tertiary level health facilities, similar to our hospital. The median age, male predomi-
nance, median time to presentation, clinical presentation, and hospital lengths of stay are simi-
lar between our two groups and also similar to other studies of tetanus patients in Africa [3].
Most of the studies reported similar high overall hospital fatalities [3]. All of this suggests that
our hospital setting is similar to many others in sub-Saharan Africa and that our finding that
tetanus protocol implementation did not improve mortality is likely to be generalizable as
well.
Our results are to be interpreted in light of some limitations. First, due to our inability to
locate medical records for some of the tetanus patients, we were not able to document the care
provided in all cases but only to document basic demographic characteristics and outcomes.
Furthermore, additional data that would have been informative, such as trends in antibiotic
resistance over time and the specific antibiotics administered, were not available. These limita-
tions highlight the complexity of implementing a hospital protocol and the urgent need for
additional studies in this area.
In summary, we have demonstrated a significant increase in clinical care in accordance
with a standardized protocol for the treatment of tetanus patients. The protocol has not led to
the anticipated reduction in patient mortality. The unchanged mortality rate, with a shift in
causes of death, highlights several key points for consideration when protocols are imple-
mented in resource-limited settings. First, implementation of protocolised care in resource-
limited settings is highly complex and requires in-depth monitoring and assessment of
patients, staff, and procedures. In our hospital, we are now working to implement infection
control policies and determine antibiotic resistance patterns in an effort to decrease HAIs. We
will continue to monitor the effect of this intervention and to consider other possible interven-
tions to decrease the mortality of tetanus patients. In addition, management and early recogni-
tion of sepsis is extremely complex in resource-limited settings and more surveillance is
needed. Finally, we strongly call for an increase in vaccination coverage for at-risk men in sub-
Saharan Africa, beginning with the highest-risk groups such as farmers and motorcyclists
[5,23], with the aim of eliminating this preventable, lethal disease.
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